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FORMULAS, TABLES 
:AND BASIC CIRCUITS 



K SILICOMCEPTS ^"^^ BOOK 



iCOPYRiGHT © l^aa FORREST riAlt^S,M., 
; : ; , ^LL RIGHTS RESERVED ; s ; 

P^RmX.£:D IN THE UNilTED STA.TES OF^A.hAERkCA 



trmS BOOK IMCt-VDES .STAfODARD APPLICATION 
CIRCUITS AMD CIRCUITS OBSiatoeo By THt 
AUTHOR. EACK CIRCUIT UjAS ASSEMBLED AND 
TESTEC BY THE AUTHOR AS THE B&Ok. WAS: 
;De\;ELDP£D., I. Af^tEli. .THE eoisK wAs ComP^£T£Dj 
^^me Author ile.AS5E^AgceD each circuit to 

CU&CK .For errors. luHite RLEASoKJABte CAR-t 

.WAS £-xeRcisfcD i/ij. ;-m£ prepap-atiom op twi5 

.600(C, yARiATiOMS JM COMPowCWT T&/-£RAWCe.S 
:An)0; . CON'STpt-UCTIO/J METHODS M/^V CAusS Vi£ i 
.R£SUtTS; V&U : 06TA/A; Tb DlPPSR FROM THCiSE 
GluENJ We.R6. THEREFORE. THE AUTHoR AwD ^ 
RADIO : SHACK ASSUHE NO R£SP0A3S(g/^/ry fofi 
THE. SuiTAE^MrY THIS Soofc'S Co/SJT£ajT5 

FOR AMV APPLICAT/OA). SiWCE WE HAuE. WO 
OOwrROC OuER THE- UsE td WHICH WE 
imFoRmATiom 1M THIS Boote: is Per, WE 
ASSUME :MO:LiAS/C)TV pOR AaJV bAHfii<StS 
P.eSyCT(M^ FROM ITS USE. OF COUR.S£ IT 
-IS; VouR RESPOWS lg/t(TY TO D&T£RMim£ if : 
.eoMnERCiAt use, SAl^ OR HAk)u/^ACTVIIE 
.Of . A(sJV DEVICE THAT iMC0RP6RAr£S /aJAjR^ 

P^TE/^Ti, COPyRKSHTS OR OTHER PiGHTS. 

^>U£ TO MAWY |iO<au(Rl£S (2.£Ceil/£D 

Radio s-hack Amo the Act*- vR, /r /s mot 
tes.igLE TO : Pftoi/iOE Person) ftEsPoMses 

TP P,E<aueST£ . F^R /VOblT/OAJV^lC iKi f=^0R.HAVON 
.^CuSTOH CIRCUIT Oesi^AJ , TECHNICAL AOUlOE, 
.TRO.uSi.ESHooT(AJ(S . Aou.iCE , ETC.) . |F You 
UJUH TO - UBAdtsi . hof^E, ABouT E-^E e rP-oN'tcs ^ 
SEE OTHBR ; BooiCS /M THIS ^ER'ES AysjD 

RADIO sHACK^s "<^E.rrihj(& s'm/irBD in 

EtECTi^^MIC S. " ACSO^ fZ-EAD MA^/^^IMES i-l fc£ 
MODERN) ELECTRq/sJICS A/^D RA PJO-E^ECTRo^/iCg . 

THe^ Author waiTiEs A. . moajth^-y Colum^j , 

"ELECTROWICS MOTEEOOfC^' fOR MoDB.R/^ £L£CTROMICS . 
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.Ri AND ICANi, ,6k.jAi...PPTi&hJTiO Ea.-: 



ALTERNATIN4G CURRENT 



AM A.CrERNATlM6 CURRENT C^O. LPt-0\A)^Sl ml 

Both Oii^ecTioMS -THRouoh A cowDvicroiBj 

■■[■■"i- 1 f"l ; ; 1'"] ; ri ■ V"] ^ Y'~r"-~"T \ r 

-I \" " ; ~ VoLTASfe^i ; i 

jn / , \ ; RMS. yactAis.e, i ) 

\Z 'y ^//PEAK tslEGATme i 

I ^^-^ VOLTAGE 

S&e; THE D&FtM\TIOMS OF V, ft. AmD P 
PAGE M. 

. P.&AK ; \iQLTA6£ - MAXIMUM PPStTiVE AND N£GA' 

T\\i^ E>^CURS\OKiS OF AN 
ALTEP-NATIMG CURRENT. 

iKMS \ V.QiLt A6£ ±/R0QT-ilV^EAl^-;Sa\;JARE. ,J i .1 

i ^ I , \ ; ^ ;V0UrAGt5..THA"t. i.A!c,...VbcrA4£] 

...j... l^i.^.i J ; ; i :TH.ATj.E^.yALS iA. .Di.CL.v0tTA.aE4 

,.;..,J J.., L, J. i.,.. iTHAT.; D;oES\THfe.iSAMB.,miik,i 

.;. J ; I.,J....; L,:.F.bi5 a SIME wave., 0.7O7 ; 1 
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6 IS PHASe AMGte, THE. 
DlFF£R£MCt |M D£Gf?E:£S 

E.a-rwe.tNi curr£mt a.nj.d. 

VOLTAGE. CURfi-tNiT LEADS 
VOLTAGE. iM A CAPAClTlve 
CIRCUIT AMD LAGS V0i.TA6£ 
iM A REACTIVE. CIRCUIT. 
IK) A RESISTIVE CIRCUIT 
6 IS THE COSINE OP 

RE-.. 
£ ^,1. 
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COMMON LOGARtTHl^S 

-THE co^A^Ao^o . ld&aritmna Ccogio or lo^) J 
of= h number; \% THE. Power oF io tthatI 

EQUALS THE K)UN\BER. SINCE lO^-lOoj 
Z IS THE tO<S OF loo. TUE AMTlLO&ARlTHNV - 
(;ftMT\i.OG) IS THE NUMSe-P. TBAT EaUALS A 

logarithm. thus the antilog of 2 15 loo. 
the los of numbers greater tha?si 1 ,15 . 
Positive; the lo6 of numbers less than 

i IS NEGATiVa. THUS THE LOG OF iO"^ ORi. 
:0,0l IS -1. 6 = AMT1Z.OG (LOG A + LOS S);,;. 

A-^ B "= AMTIL06 CLOGA- logs), SCIENTIFIC^ 
-CALCULATORS HAVE tOG AMD AnTILOG KEVS.I 



TRr t)ECTB£t 



THAT P&RhA\TSJ.TWO blFFEathaT:. SliSMAjLS i. 

TO EE, C0MPAR£.D..iOM A LpfiARlTg Ml C i SCALEI. 
TME Se:MS ITWITY; OP HEC IWEiRS AM G ^ THE ^ 
GAlSJ OF AMPUpiERS AP-iE i..O.FX£[M Gll/EM 
\NJ DtClBtLS. Tai ^DlFP&RlKlce. . IK) d S 
BETVJEEM THt^ Power 0:E^.iAI.S.16NJAL AT THE 
IwPuT Of AM AMPUt^iER CPl) ^'^'^ THE Pow£.R 
OF THE AMPU5^1ER'S OUtPbT KP^!) LS.^. 

dB = ^IS' Log CP2p.pi).4 1 

THE D\PP£R.EMCE IN dE, B£TaaJEEnJ THiE ■ VOLTA<;£ 
C\;) As>t) CURRENJT CI^ AT THE 1/?JP:VT..(V1 AND II) 
AnID output C^/'Z- AhJQ 12.) op AKjiAMPUPlER ISl 



dB = ZO' LOG (VZ/viy 
dEi = ZO LOG CIZ/II) 



N)OTE THAT 0£Cv6£LS D&PInjE THE. RAXtO !S£TA>;E£N 
TWO Sl£iMAL t£VELS, MOT THEIR ABSOLUTE VAtUEi 

EXANAPLE: bET£RM\KJE THE VOCTA^Es c^Ai/sJ.l. 
iM a 6 OF THIS OPERATION/ At ..AMPUFIER: ! 



r- 4- ^^-^ ■ 

Rt = i, GOO, OOOJl. U-^. V0iTA(2.£ i^AlM^ R^/Blj 

ciB^ 20 LOG Cl»C)oo/.i).5 ia.LOffe.ipoaL^^^ 

LOG IpOO = 3 CFRO^A TABt&i dRL^CAlCUiATdR^. J 

C^AINJ = Z0^3 -^.^OdB... : : J i \ l 
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NU^v\BER SYSTEMS 



A NiUMSER SVSTE.^A CAN EASED DN) kUX 
MUME.ER Of DI6ITS. THE COMMOM DECIJUALl 
SYSTEM HAS lO WGITS. THE BtMARY SYSTEM; 
HAS Z DiGlTS ; THE HEXADECIMAL SYSTEM 
HAS lt» D1<S/TS. NJUMBERS ARE iA^RlTTEA/ 1 ..i 
AS SUCCESSIVE PObuSRS Of THE SASE oI^..; 
THE tOUMB£R SYSTEM. THUS: 



M3 17io 

I ^— ^ 7^10'' -=75^1 = 7 

' ' ' ' > ■ Z^iO^ Z^iO = ^0 

I . = 'HX-1 QQQ^ ^QOo: 

^ 3 Z7 

BINARY NUMBERS > 



INJ ELECTROMIC circuits I>£CIMAL MUMBERS Ati-i 

USUALLY REPRESENJTED SV BINARY KlUMSSRS. 

SINARY NUKBERS ALSO SERVE AS CODES THaT 
RePRESE^stT LETTERS OF THE ALPHAB6T, - L i 
VOLTAGESj COMPUTER IWSTRUCTIOMS, ETC. A .[ 
BitOARY O OR 1 iS A BiT. A PATTERN! OF H \ j. 
BITS IS A NlfeSLE . A PAT7ERM OF H BlTs: ISi 
A BYTE OR v\;oRD _ 

BINARY TO DECIMAL bECtMAL TO SlMAftY 

looil ^ t9-^z = q + i 



IK 2,;^= 2 M-r2=2+0 
0^2^= 0 2.,^ 2 ^ 1 + 

1 1^ 2** =1^ 1^ = 1 0 0 LI 



'^FlKiAL QUOTIENT ; 
iS FIWAL REMAINDER^ 



BllsiARY CODED DECtMAL CBCI>): A SYSTEM 
IW \WHICH EACH DECIMAL DIGIT IS ASSI6MED ; 
ITS Binary Eao.ivALEMTCiq -OOOl lOoi). 

12. 



NUNASER SYSTEM EQUIVALENTS 
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..1;0 QiOiO 0 


0 0 t 1 


0 


0 1 0 


to 




.ji;0:o 0;0 0 0 


Olio 


0 


1 0 ol 


^0 


,.g(o:... 


ULiLO. O 0 o 0 


too 1 


0 


1 1 0 .. 


UO 




iiiilD;.0i.0.1 1, 


1 0 0 1 


1 


00 1 


.43) 



1^ 



3. c6^I^t>TANT5' XRD 

US. WEIGHTS ANiD MEASURES" ■ 
u^i£■^R 

1,000 MILS =ilMCHCJM) 3 FT ^^iVAP-DC^D) 
INCHES ^IFooTCFT) 5,260 FT = 1 X^A!) 



AREA 



VOLUME 



1 FOOT^ = 1,728 It^ 
MASS 



1 M|L£^= 6?Mo ACP.es 



1 VARP^- 2T Feer^ 



METRIC WEIGWTS AND MEASURES : 

UM£AR ] 
1,000 M\c«.oMerE_RS C/^m) = 1 mh.um£t£R C^^^i^^! 

A(^eA ' 



loo l^ivv^ = ICtv.'- 
VOLUME. 



tcv^^-i MILLILITER C^t) 1,C00 ^1 = 1 L\TEp. (l) i 
MASS 

l^DOO MjLH GRAMS <.v«a),= lQ!r<\*r\ C^) . 



T/^ /" L ^ U O "T 

: I w (_U/>J. U Cfs. I 


. , ,,..ll3s) I W:. .V, . ; 


, , .■ iyii^,.L. 1. 1 ,r*-..7.i . . . .w ,. V 




... ,;IV>.tt-3. ■■....I 


-1 

, , .-3i, ~ i / .~ — ; 


4vvm,3 „ 




to • T 






1 -20 77 
0 ( • -J f 


iiyi,t.(— 3 ; , „ 


rui M t \ t^a T P (2 < 




KAM 1 i KA P'TP C < ■ 

r'liu.wi lYvc., V, CIS* J 




"V * 1 0^^ ' 

^1 T J I 4. V 


,1, rv V o .i^ , , 






C P MT ( l>v P T P 13 *^ 


, .1 iv J . I 




\ rsj.w^n sii.2» . 






■I rvl F S ' 

„\ rv,N-,;n., w.**. 


. .- 1VX 1. i™^rv w .... . 


2 5 H ^10 


,1^1 I l-«r>»J 






pcc-r 








... .t^ L<ff I .. . 








. 4-,' V,!7i ^. -. 


' / / \ 3 7.V J 


'M:P TP C <: ' 


1 A Q 1 ttU : 


U t-^ PTP R 

.„is,,i,i.fc0.rn;c.v CIS J — . 


PP CT 


0 <- i£. J. , 




1/ rs/*-i FfP 






AAil ^ 




Mites 


mLOM£T£RS 






OUMCES 




OU/OCES 


GRAMS 




Kli.OGP.AMS 


POUMDS 


t.ios . 









FANAILIAR EXAMPLES 

:D1ME_ ^ 1 w^w^ l.s cm 

QuAP-TER <^ 1 \^*^ .c.:j^ 
1-MiL PLAST\C flLK ~ Z^-Hy^,^ 

Mf\ss - y T . • 



PLAST\C T0-9t TaAMS\SXO.R^ 4^ . ..Qi.ZK 

S-PIM IWIK)^ D\P XC ^ ■0-:5:5;. 

iC-PtN DIP XC «i.0Sa. : 

NicKe^L ;. : ; ij 



AaJATER SoitS 



OPiS^tiMS Te.MPE.RJ\TUR£ 



. xo 



. ..:.8i(p.. 




C4»o% TIW AND ^0% L£Ad). its M£LTW6 POJajT 15 



IE 



tip 

.1 8 
Z 0 
tt 

I o 
3 2 
3 M 
3 C 

3 8 

4 O 



i.(p\H..il^. 

S.0*8 

3 2.0 

ZO.l 

lXIS.^^.. 

i.liOiO. 

-J n^.^ 

,...Lj.C«J3.. 

i IMxQ.. 

= ■jli 



5 6 



z.szs 

Z5>T 
M 0.8 1 
(^H,<\ 0 
105. Z 

1 ip^.l 



|rL.ij£i..feojpisix> 



.,J...|.^...}.3ixiej.2.i. 

J l.i.5ioi^Hl 

...1 J |8is?4aiHi. 

^^...L.iiim.iiL..L 

liio.h.4^1^^,.L 

. ,,.1 . ..j^S.f.lj*?.. ^.,74.. ....{., 

lJlQiQ.lOi J. 

..J.2i,Oi((?Ji.lai 1, 

...i3.|ZjS|7i.oi L, 

i5\z\zhioi.^ 1 

. iSjljlJOja! L 

lilftillQiOL.J. 

iiiiQix,mOi L 



K\s}G - American wvr£ gau<5£ 
RELATIVE RESISTANGES 



COPP£R 

ALUMtMUM. 
TbW^STe.^sl 

PWOSPHOR-Bl3.DNJ2e, 

ir(N.j 

|...S,.|11 Im 

iSiA.i.»slL£SS $T££L 



0. q 3 c<» 

1.00 o 

1, H 0 S 
1,S2 O 

3.Z 0 3 

5.5 3 3 

5.1 q q 

S.^ 3 2 
1 Z.'^ ZZ 

sz.q H 1 

.t^s.oq z 



RELATIVE TO 
COPf*£R- 1 FOOT OF 
CIRCULAR COPPER 

1 MIL IM 
DlAMtTER_ HAS A 
RE.S\srANCe OF . 
10,37 OMMS, 
ALTe.RKJATiV£LVj 
COPrER...iU/iP-£-.|^AiS.. 
A R^SU5TA.Mkd L 

P£P.,ldiRicU;.4Rl .L, 

MiLlfodrd I j,^J 



— j... 



ISraO 1 1 RE QUE Il£.l4 .m Cir 

AMD £AS£S PRODUCES i mH^'^^^ 

PERCEIVE S AS SOUMI>^^.,4^J I I i-i-^^-i 1- -f i i 



SOjOOOHz 
ZO.OOO 

10,000 Hz_ 



J.OOO Hz_ 



il0....Hz« 



O 



o 

£1. 



>- 

uJ 

2 



UJ 

(J 

o 
> 

t 
3 



% 

o 
U S- 



o 

a. 
o 



-J 

U 

o 
z 



vn o 




- Ui 

3 -J 



(A Z 

> 



i 



.18. 



iSPe.£D-.^iOE..i.Si?UN=0..; 



o 
0 



i 

T 



Ti 



\3 
Z 

Oil 
U! 



It, 2> 



o 

Z 

a: 



SdUND^ INTENSITY tliitltli 

, -. ; — . i ; 1 ^ : i _.. . ^ ^ : : i ■ ': \ I 



SOUN).D -SOUiRcEJ i 1 i 

CDlSTAMCe FROM OEsERM^E); 


tiUEL 

:(<ii?)i 


TKR£ShOLD oF. PAIN 






i '^ 0 + 


AmpcifI'EP Rock uusic 


.110 . 


111 « ^ I pfc ^ ' ^ - ■ ■ 

THUND&K 


11,0 


PIEZoecectrlc Buzz er Cl^ ) 


108 


P\\k FORce. T-3& (^^OO OVERKeAD) 


^ 0 


CO2 PfcLLET 6U/0 Cl-^ ) 


R 0 


Ul.GITAL ALARK CLOCK (,1Z ) 




ELECTRIC T7P£.WR\TE R (18v 


. 60, 


AlK FORCE T-3S MILE) 


- 7 0 


TVPIC AL CO AXIOM 




PAPERCLIP DROPPED OM DESK (Xt') 


. U2. 


TELEPMOME, DIAL TOME Cl ) 




PEMCIL ERASER TAPP£P C>NJ DESK Ct2 ) 


: 54 


Computer revboarp (18*) 


■ (ol 


AVERA<SE RES 1 DEhJcM ;. L ; J 


I M S 


..Sp.f=rT :. EACKGROUKJD iBUiSlicJ .1 L \ 


J :5'0, 


.,f3,Ul£T .L, WH1SP£R= i. '\...},. A...... 


( lllJOi 


. taREsi^aLD OF ..)^^Mu:t^CIXS?L 





iJ l*3a 



ELECTROM/^GMEtin 



,1, .0 yU >H _ 

1:010/4 Wv- 



GAMMA RAYS 



ULTRftV\OLET. 



VISIBLE LIGHT 



1:0; vy^w4 _ K\GRO\A/^U&S 



1; 0 ;0 : Hi m 



RADIO WAVES. 



' MOD '^m ' ■ : 



:V!Ot£T 

greemIT 
oramgL; 



750 v\vn.; . ; 

■^THE EV&^'S L/f^ 
SENS IT WHY., I 
TO VIOLET; L 
AMD REP . ; . 

VARVES ■ wi-m L 

THE 06SERv£R.l. 

And the ; 

BACK-C^ROUMD i 
lLLUM\hJATl0M4. 

f^FREOuEMCvT 
WAv£L£N(;T>i, 

Csee. W£xr PAee) 



ZD. 





0 FREPJJEJ 












-:3:0;. r'lR&r'., 


.,..i/I.Rl/J .uokij..! 
iP^E<syit>i;ci£sJ(: 








. L6v^.....l,. J....I.J ^.i I. 

FR.^.QuiNliCiiESl 










4EFir 


3 


-10 Mh^ 




Wf) 


SO 


- S 0 0 NAWz 


V£RV UIGH 


Cvv^F") 




- 2 0 0 o MHi 


ULTRA HIGH 


XuHF) 


3 


-50 GHz 


HIGH 
FRtGiUEWClES 




1 0 


-SCO GKz 


EKTREMtLV HltSH 
FR£aU£MClES (£KF) 


loo 


- 2 0 o o 


FR£aueMci£s 



FREQUENCY VS. WAVELENGTH 



c - 
f - 



WAVELENGTH C^^TeRs) 

SPEED OF LIGHT C3>^i0® MfiTERS/SEc) 

FREOUEtsiCY CH£RTZ) 



EXAMPLE : TH E. WAV£LE.MfiTH oF A lOa Mt4z 
51GMAL IS 3KiO*/1.0a5< lO** OR , 2.76 HET£R$« 

21 



[MPORTAMT FREQUENCIES (Ml^). 



.15 - 
.SM - 

i.a - 

2.3 - 
3.S- 

5.S5- 

: 7.0- 
7.0- 

lo.is- 



21.0- 
2G.'5 - 

za.o- 

50.0- 
SH.O- 
11,03- 
ISMZ ■ 

as.o- 

68.0- 

loa.o- 
lis.o- 

1S3- 
1S8- 
U2.M - 

HIO - 
It 



2.o: 

z.s: 

M.O: 
S.o: 
(*.2: 

7. 3 : 
7.3^ 

q.q: 

10.0 : 
10-lS: 
11.175: 
ll.'^is: 

1M.35: 
15.0: 
Zo.o: 
21.45 : 
21.85 

zu.i; 
27.4: 

2^7 
5H.0 

aa.o; 

72.9 : 

7S,S?: 

108.0: 

ioa.o: 

llS.o: 

ist^.o: 

ISS : 

159 : 

1(*.2.SS 



MARITIME 
HO METEf^ 
HO tAtTER 
Si M£T£R 



k)P^V\GATioM S£AC0MS 
IMTEaMATlOWAL DISTRESS 
ANA BROADCAST BAMD 
AIKPORT iKifOP-MATlOM 
ICsO NaE-TER AMATE.UP. BArsJD 
120 MEreR IKJT. BROADCAST 
\AJVOV TVKe. SlSWAL 
aO METER AMAT£.Upw SANDI 
TIM6. SlSNJAL 
M£.T£R. |^JT. BROADCAST 
COU MUnJ A C AT lOIS) S 

Amateur 

iKJir. lBP-qadcast 

IMT BRoADiTAST 
WWV TIM& SIGMAL 
30 METER AnaATEUR BAnJD: 
IMT. BROADCAST 
25 METER IMT. BROAOCAST 
20 METER ANAATEuR EAMD: 
WVJV TIME S16MAL 
\AiUiV TIME SifiWAL 

IS METER Amateur samd 

IWT. BROADCAST 
AMATEUR gAlOD 
IKJT, BROADCAST . 
BAWD 

AMATEUR 6 AM D; 
CO M MUM t C AT 1 OKl S 



13 METER 
11 METER 
11 M£T£R 
CiT\2EMS 
10 METER 
LO\^J PdvuER 



c= METER Amateur banjd 

TCLEVlSlCiM C<^H. 2-0 

RADto CONTROL (Aircraft cjmly) 

RADIO CO^iTRoC 

FM BROADCAST BAwp 

\W)REL,£SS: MlCRbPHOKiES 

A\R MAV16ATIOW BEACOMS . 

AIRCRAFT 

POUCE, FiREj UUNJ\C1PAC 

Police, fire^ muwicipal 
:K)Oaa ujEather 

T££.£v\SloW (CK. 7-13) 
TEUEVISVQM Ccrt. lH-83^ 



TIME 



PT 



UTC 


PST 


MST 


CSji..,, 






o o o 0 


H, PM 


5 PM 


"(^ pm 


7 PM 


.a PK 


0 10 0 


5 PM 


<« PM 


T.PM 


,S PM 


^ PM 


0 ^ 0 o 


iiei.Pk. 


nJpM 


jSiPM. 




iLo PM 


0 3 O 0 






...•qiPM. 


.iolPM 


.11 PM 


0 H 0 0 


JSiP.M. 


;^IPM 


JoiPM 


Jl-lf M 


kl.D:=N1". , 


05 0 0 




10 PM 


1 lj.p.k 


MlDiwL 


illAM 


0 (o 0 0 


liP.; .pM, 


..liilPJyv 


M.ib:wt 


i.ll.AM.. 


.jllAk 


O 7 O 0 


1;1LPM 


MID W T 


ilJAM 


.. LZiAM. 


lljAk., 


0 600 




..j...lLA.Iyi. 


jZlAM 


.]3iAM 


.....ImAk. 


0 o 0 


1 AM 


Z AM 


:3JAk. 




iSiAk, 


10 0 0 


t AM 


3 AM 


.jH ikH 


,,J5J Ak. 


...ii(?LAM. 


1:1 0 0 


..;.3.-AM 


HAM 


^ iS lAk. 


JtiAk 


i7iAM 


1 Z 0 0 


M AM 


5.AM 


ak 


7 AM 


8. AM 


13 0 0 


5 AK 


t** AM 


1 AK 


S AM 


,^_>M 


1^00 


Am 


,.1 AW 


8 Am 


q AH 


10 AM 


1 Sod 


AM 


8 AM 


^ Am 


10 AM 


11 Am 


1 0 0 


B Am 


AM 


10 AM 


11 AM 


12. AM 


1 7 0 o 


9 AM 


lO AM 


11 Am 


IZ'AM 


1 Pm 


18 0 0 


to AM 


11 AM 


il Am 


1 PK 


i^PK 


1^00 


11 AM 


IZ.AM 


1 PM 


1 Pm 


3 Pm 


a 0 0 o 


iZ AM 


1 PM 


Z PM 


■3 Pm 




Z 1 0 0 


1 PM 


2. PM 


3 PM 


H Pm 


5 PM 


2 e 0 0 


e PM 


3 Pm 


H PM 


S PM 


Pm 


2.3 0 0 


3 PM 


H PM 


5 PM 


(p PM 


1 PM 



UTC - COoROIMATED UWIVERSAL tlM£. 

C^^f^^^l^^^CH MERIDIAN TlM£,t.OfODO/o) 

PST - PACIFIC STANDAP-O T1K£ 

ksT - N\OUN)rA»N) STAMOARt) TIME. 

fST - C£MTRAC StAsjDARO TIME 

EST - £AST&Rhi STANDARO TIME 

AST - ATLANJT\C STANDARD TIME, 



.pAVtlC^MT 5AVIM,GS..TIME " ADp 1 MiOUR 



Z5 



THE siwrw 



THE >S1M£. or S\JsJU.;s.<p,L^KL \A;AV£ tS,i..l>i£ 

M D ST CQ M MO ^) P&fri P 4 vd J uip^^j/^^. INI - An^.A4-Q 6 




|< ' -^'..L C^CLB ' ' ' ■ ' ^ 

: i ; - : ^ ■ \ \ ] : . . : i ^ ' \ : > ■ : ^ ! t 

FR&.QUS.MCV Dft. 1A SiNt WAVE IS TH£ 

NUMSeR oP C^citS P£R Se.COND. H£RTZ CHz. 
IS THS. UNIT .AB f!^R£<S)U£MCY. O^IG- W£RT2. i 
ClHz) IS 0>Je JCtCiLd PER SECOND Ci CPSJ, 

PERIOD Of A SINE yJAVE IS TH£ TIME FOR; 
Om£ C0mPL£t£...ICVCjLE-TO OCCUR. . 

i L. - ; 























t [ \ \ \ 






















, — j. — Y — — |. 






















i M i i 



































. i M M 1 L.i i-x..- 1 i...\.-..'i:.x.i 1 iJ i..4.-.L.j i 





i bV0De^.i,AMD^i..4U^PP-^4-- $YL.x4Mj6.k....i..^DACiD£Sll.-J..4.^. 

;lf^.^.L-.L.. l.^A \rA ^^.^ ^-p^ 

14AL£.T:W.ft\/£ . RE:CT.I£|£E >- . BULL--WAVe ^ R6-CTJ1^14D 

S^KiE- WAVE SiNJE WAVE ^ ^ ^ ^ ^ 

;+ ^ 
a - 






■I f 

i i. 



CDPPED S/WajTOOTH TRAP&-Z.Q1PAC WAV-fe. 




-Sihiksle. Pulses or iJliAm3..i^^^ 

M -IDliSlTAL £L£.CTRO^^l4...iClR!.CUJr^S.i Tfi£;V.| 

jAie^ ..jAt-SO U S£D TO TRl'GSE)^ CACXi V ATE)- i 

MftWV KIMOS OF. CIRCUITS. ; .] ; : I... ' : i 



THE IDEAL PULSE: 



IMSTAMT<-Y 

DM > 

AMD 




A REAL iJ^OISE: 



100% 



0% 




TIME. 



R£Doce. 

■.Afs)DJ6.0Ta.L 
R.lS£i AND ; 




FAtt 
TIME 



Ik 



SIGNALS 



EttCTRONVC S^GMALS ^h\s)Gt fP-O/^ AUDISLa 
TOM&.S TO COhAPi-EX INPORMKTVOM CARRltO 
E>V ^ f^LOCTUATlfsJG CA.K)ALo6) OR PuLSATIAJG 
CD16ITA0 WAVe 3 CURRaMT OR VOLTA<Se. . 
MANJY KODULATIOM U&THO0S ARE. US£D TO 
IMPRESS A SltSMAL O/O A CARRIER. 



MObULMlON METHODS 



^N^LOG 



PULSE 



AJKJMODUUATE.D 
CARRAER Wf\v£, 

ANALOG 
S\GWAL 

AMPtlTUDt 
.MDDULAtlOSJ 



ANALOG, .. 
SIGMAL 

PULSE 
AMP'-nuOE 

pULSt 

duration! i 

PULSE 




DIGITAL 



E.\hJARV Bit PATTERN 
NOM-RETURN To Z£R.O 

RETURN TO ZERO 

^siA^^CH£ST£R 



FREQUENCV SBtPT 
.KEYIM6.. CFSK^) : 



o|i;oa!o!i!i;oio! 




RIIDDES km SM^ABQIS 



!/^Li>fiABET, ASCII t MQRSErCf)5E 



ALPHA&ET 


ASCII 




A 


100 


A A i 




B 


-1 ' A 






C 




A n ^ 1 

0 1.1. . . 


■ ^ !~= ' • ' 


D 






' I \ : — 




•10 0 


u 1 V i 




. f 


. i U U 


■ 0 1 '1 0 




,1. ! ;g 


i A D 

1 u y 


U L Li l 


; [ I |— i • ^ \ 


I I li... 


1 ' A 

1 u i y 
1 no 


1 n 0 1 






1 y 0 


1 0 1 0 


■ : : . . 


K 


1 f D 


■) : : t 1 


i— "■ ■ ^ 


, ■ .L 


1 V 


1 f n rt 

1 i UJJ 


' : • — . . : 


M 


1 r\ r\ 
L U <~> 


•1 1 ■ A M 


; \ I ~ ~ \. 


... .Lj ;N 


1 : (0 ' /A 

I u 0 


1 f 1 A 




: ;...:0, ; 


1 0 u 


1 1 1 1 
i 1 X L 


I i ~ : 


I I PI 




A ' y'\ ■ A ' ^ 

, CJ : CJ ■ U :0 ■ 






1 ' A ^ 

1 CJ 1 


A A A 1 


j— ;— : • - : 


; iR.\. 


in i 


A A ^ ■ A 

U ^ X. , U - 




. J.. J. '.S' ■ 


1 A -1 


A nil 




.J T; 


1 (/ 1 


r\ i ^ A : A 


i : . ; 


u 


1 U 1 


A 1 A 1 


l ~ ' '■■ ' [~ I 


V 


•1 A : -1 ■ 


A < 1 'A 

0 110 




w 


< A -1 


0 111 




: , :x 


10 1 


100 ; 0 , 




; ;Y: 


10 1 


1 /-I A 1 


: 


; ,.,,z . 


10 1 


1 0 1 ,0 : 


; 




...M.-.4- ...A..., 


n n A A 

U U V. u . 




.1. :i 


Oil 


0001 




■..^ z 


Oil 


0 0 10 




: ■ 


0 1 1 


0 0 11 




: i ^ 


0 1 1 


0 1 0 0 




... 


0 1 1 


0 1 0 1 




.: ^> 


0 1 1 


0 110 






oil 


0 111. 







oil 


L 0 0 0 




: 9; 


0 1 t 


1 0 0 1 





28 




C04UM.N 
-> 



.0 



6 



0 



0. 



..$... 



O 



.1... 



0\ 

1 

Z: 

3 : 

s. 

s 

9 
10 
11 

11^ 
13 

15 



SP. 



# 

t 
/ 

C 
+ 



0 

i 
z 

i 

7 
8 



< 



> 

7 



B 

,c 

Cj 

. & 
F 

I 

J^. 

K. 

L 

M 

M 

0 



P. 
Q. 

S 

t 

u 

V 

w 

X 

1.. 

3 



.a. 

-i 

t... 
I.. 

i 

S 
W 



0 



.,..t... 

V 

w 

y 

, z. 

\ 
} 

DEL 



CONTROL CHAvRFVCTERS 



ASCU- AMER.ICAN3 STAW.DARD CODE POR 



iNifORMATlOW |MT£FlCKAMiS£ . ASCII iS THE 
PR.lNlClPL£ COMPUTER KevgOARP. .CO06. 
ASSHlvvglV LAM(SUA6£ PROGRAMMtRS CON vER-T 
61MARY ASCII CABOvE) td HEXAOecmAL....- L 
^PRiKJClPCE K£X eauivAi-EWTS : : i 

A- Hi 6- M-4 D S- S3. V- S9. S^Jl^lL f 

B- HZ H- 4 a W E T- SH SA. ;.5r JIS . i. 

C- H3 I - 0- 4 P 0- 55 ^2f- 30^ 1.6. . i i. 

D- H4 J- 4 A P- 50 V- S6p 1-31 1' ll 

e-HS K-4S 51 \M- 57 Z-3t;.;8.r 3S.J..L 

p- u- Hc. ,sv sa, -X- 58 3- 33: JSrJi.^. J ! 

; ^ : L.lJ.^^, 











A 






& 






r 


y 


DELTA 




■5 


EPSILOM 


E 




2£TA 


2 




ETA 


H 




TKtTA 


0 


. d 


. iOTA ' 


X 


t 


KAPPA 


K 


;k ■ 


LAMBDA 


A 


-X 


^ M .U 







^iA^\6 ^ 


U 


■ L 








XI 






*a 


0 


Pi 


n 


Tr . 




p 


- ■■r-- 


S\SMA • 


:e 


0 :.. . 


TAO 


T 




UPSILOM 


Y 


\;. 


PHI 


4> 


4> 


CHI 


X 


X 


PSl 




V 


OhAEGA 


n 





;u;-. UPPER cKs£ 



L- LOWEP. CASE 



::CaM^AON GREEK SYMBOLS 



UElTTER 



a 

.2: 



SVNABOLiZES OR , D&S\<Sm AT£S 
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Anjgles, 

COWOuCTluiTVj SPECIFIC -tSRAV IT V, 
1MCP.EM6AJT, DECREM.EMT 
OlELECTP-VC CONSTAWT 
EWER.GY 

IMPEDANCE . . 

fM MDpULATIOM IWDEX: 

An (S L£S., J T) M£ C OM STANTy TE M P E £ At U RE 
W Aye;L £ W ;<;TH t C 0 W OU Ct IV 1 
MlCRO.^P**E:P/X\ AmPUFI^AtIOW FACTOR. 
FREQuEmCV 

ClRCUMFtREMCE-r DIAMETER C^. l^IS^.;,.^ 
R.£SIST\VITV, dEFLECTAwcE 
SUMMATION) SIGM 

TIME COMStAmT, TP-A/oSMITTAajcE i . 
ANGLE 3 RAt>lAN3T POWER 
AmGIE» AnXSO^AR FREQUEMCY, 
SOLID AM66E, - RESIStAmC£. CoHMSX . 



COLOR 


SldisllFiCAMT 
DIGITS JCli*l) 




TOUXS 


BLACK 


i i loLJ. \ 


1 \-i"r--^ r'T'fiV, 




BROWN 


1 






P-tDi 










3 


1 ^q\q.M... 


j i 


BELLOW 


M 


I O^OiQlOJ 


...!fS)b...J 




s 


i 0 O^OlOiQ : 


CQLoi . 


6LU£ 




1^0 0 OfOioiai 




ViOiET . 


7 


i 0,0.0 ,0^0 lajQi... 


.±^a.?^ 




8 


10 0 ^OiQiO|Oi^iOJ 












.^.OLD 








siL\kE.R 











'3 


— ^ — ^7' 












li — 1 — Ljk 



1 Z.l iM 



i = ^^OVJH = 1 
Z = BLftCK. ^ 0 

3 = YE-LLQW = X 10,000 .1 i 

^ = SILVER. = ^lO% TOLERf\Md£j. 



L 



kuPlQ IMT£RSTf\6£ AKID OUTPut : 
Bt.»J£ GH^J : i 6LUE 6ttN eijJ6, 



i ; ! 




6CK 




i IPQwer : uwTAPPeo pr^kaiiv -black ; FiLAmeiWT 

.L jYELLova, BlJ.OVJfsi AMD 5LAT&.)> -k6L|'>f^i(S£.4... J ' 
L. .lse.COMDARy - RED* COLORS mA^ vi^I^4 4 j - ; \ ! 

: ... Uqt£ : T^^£S£ AP-E. £1^ RecOMM£MaeD.lCi?Lb.(HS.i^£E 
TRANS FORMER SPtClFlCATIOMS TO \M^^.lxiD^^^...l 

i ; LJ i...L,L„.Si 



:K:E[l54MQSiri:$JEfeE^^ ions 



i ■ 



,AJ= :-i^.llj0lnL.tRS4uB.(iCbti..a 

.iAF4 irjAUipM^xlciJMajuiMtilcom 

Ik^^t-^Hhhib^mMiciApd^ Xjiwu^oL 

Aki-i/s^tiApjutub^. 

,..jAMB^.|rlAM.f^.Uf=iEil-4 ! LLl -L.l...i..- 

.jA.ki..J~i^^^^xfe.^iLMA4...1 1 1 Lj i.^^. l.J.-^^ 

Av6 bMxp.Jvk4T.l£ VOLUME COMTROL 

.•A^G. . b Atk6.Ri.cK(sJ VO I ft £ G Au 66 

..iB.b.E|v^aL4F!XRAMSlSTOR 

it.J-.SAMC>,PASS..j.. 
JCJ-JcCxUGiCidRl DP TRANSISTOR 

CAL -CALLSR.ATfe 

CAP -CfPiftCltQiR 

jCS i- ClTUE/^S. iBAMD 

iCKX - ciiici ix L 

iCLK CLQC,|;...i I - ... 

JCRT -CkxiH6.D£ ' RAV XUB& 

.;C/S - CyCCeS; PER SECONO, Ch^rtz ; HZ) 

CT -C£MT£RTAP 

CW - CONTlNiUOuS.1 ^AVl£4 i. J..i.u....L 

C - D£c^RE£S CELSIUS L 

t> - DRAIM OF FETJ Lj I I 

dB - DECIBEL 
D6LR - DOUEL&R 

t>d h DtREcx Qu^M^HXA 1 4.-.i.^4....^ ;.. * 

.b.£M|OD ~ DEMODULAtlOW 
S>^rl D IRECTIOML .FiiOCi.£R 

..t).r?DT - oouBi.ai'oLe poueie. xt\Row 

M.I-l£M\XTER OFibRAKlSISTOR ; EnJERCp^ 

Em J- EcEcxROikvis.disJ ET^c 

EMi - - a L£ CXRb-ki6 WjEXJCi PuLse 



""F - DS^GREes FAWEEMHEIT ^ ^ ^ i.J j I :..J.. 

FDBK - FHEDB^CK .^j 1^..! 14- 

FET- FIELD EFPECT TRfVhiStSTOR 14...] Lj.. 

FF - Flip FLOP I j iJ. L 

FIL..-.. FILAMENT i L...J...i-.L 

FfA - FR&autMC^ MODUCATlOM 
FREQ - FR.EQU£NiCV 

FSC- PULL SCALE , ..^ 

FWHIV\-FULL wiDTlA HALF NAA^CIMUM i .. LJ.J L 

G - GATE OF F£T .1,4^.^.^.^.14 l-X- 

GA -6AU6E i.. ; LJ 1 4 I 

GMD -GROUI^O I : I X4J L 

HF - FR.S<SU&N>CY J.J 1 Ll^..L.i. 

HI Fl - Hlt^H f IDHLITV . l i 1 1 ? L..]. 

HV - HIGH VOLTAGE : J L.J \ i i 

HZ - KERTZ ■ 4 1 lJ \ I j. 

I - CURREmT . 4 !..4 L...L^..i 

IC - IMTEGRATEO C1RCU\T ■ 1..J..A Li {.1. 

IMPD - INAPEDAiOCE J I : ..j...4J^J... 

IR - IMFR-AREO i i LJ i 1 l. 

J'FET - JUMCTIOM FIELD EFFECTi tRkHSlstaP 

KNA/H - KILOWATT HOuR I i L.i j L 

LED - LISHT e^A^TTlMe l>\oDEl i^l 1 1.4-1 

LP - Low PASS 

LSI - LARGE SCALE lWT£6RATiaW 
fAK - MILLIAKPERES 
^AlC , - K\CR0PIA0N)£ 

MOS - METAL- OXiDE-SeMlCONJpVCTOR 
MOSFET - MOS FIELD EFFECT^XRArOSlSTOR 
MC -,NJO COMTACT 

NtG - NEGATIVE : i i i Li. 

KlF - NJOISE F\GLiR£ ■ ] I Li-J 

MO - MORMAILV OPEN . ij..^ i [ i 

NOM - MONVIMAL L,Lj i }.. 

NPM - NJ£,GAT1VE - POSlTlue- WEdAtlifi! j L.-l 

OP AMP - OPERATIOMAL AMPLIFIER i L.4 ) {. 

OSC - OSCILLATOR 1 1X4 U L 

OUT - OUTPOT , ..i^..i.,i..,.,Li 14.. 

PAM - PKiLSt AMPLITUDE H0bUUPdxhA.lJ.4- 

PC - PR\WTED Circuit ,ij .: 1.4 i i 

PCM - PULSE CODE NVOOULATloki LJ^ .iJ j 

PDhA -PULSE DURATIOM MODuLATlORLi iJ. 




PFM - PULSE FR;£aaaiSj:cY .MOPuLATrOM 

.PK - PEAK . . . . 

9LL - P^ASE LO<:tB^i loot 

PMP - Positive - KlE:<SATiy£:-iPos)Tiv0;. : 

POS - POSITIVE 

POT - POTEkjtioMETER . i L . . i . ; :. 
PREAMP - PREA!^P:LlFieRi,J 
PRI - PR.\[^ARY 

Pav - PEAK REVERSE L^VOiTA^E , ; . , ; 

PVC -pOLVyfis)VL CHLORIDE.; : ; : J 

p\AjR - Power. . 

pwR SUP - PowEiR' . supay 

PZ - PIEZOELECTRIC : u J ; 

a - OUALITV FACTOR ^ 

. R.;- RESISTAMCE 
RAO - RADIAnJ 

RC - RESlSTKi^iCE- CARACJTAlsJCE. . i i 
RCDR^ - RE COR DEP.; 
Rev - RECEIVE..; 
RCVR - R&cewE.R: 

RECHRG - RECHftR^E,,.^ ; 

, RECT; - RECTIFI.ER ,:.L;, 
REF - REFEREKJCE., ^ 

RF - RAtJlO FREGIUEMCY ; . : 

RFC -RADIO (=RE(S)0£MCY CHOKE 

RFI -RADIO FREQUEKJCV IKjTERFERENCE 
RL - RES\STAMCEKiNJOyCTA(SiCE ; 
RLC -RESlSTAMCE-IMDUdTAhJCE-CAPAClTAMCE 
RLY - RELAY 

R|V\S ROOT M£As6J SauARE 

. R^AT - R£^AQTE 

ROT - ROTATE 

.,,RPNA - REVOLUTIOM.S PER, HIM^UTE..,; 
RPS -REVOLUTIONS. PER i SECOND : 
RTTY -RADIO TELETYPEWRITER i 

RY - R&LAV I. 

S ' Source qp F£T 

Sa - SIDEBAMD . L 

SCR - SILICOM COWTROLLED; RECTfWER ; 
SEC - 5ECO/oOAftH :. J ^ 

SERVO - SEP.vOMECHA:fs)iSM J L i . .^ 

3H , : ■ , : J 



- — ^ — f" 



■-'T — r 



I i t i ! i ; 



4—4 



|SiMi..jr: 
.iS>t'.I^J.- 



„4 — {• - 



r-f , 



T" 



— 4"".— -j^- 



;S|vi.&..Jr4SlLS4Ait^h.t4.-l^cplls.t^^ 

3MRL4~t^N^i><t.R.,i.^j 1 1 4 4 U i-.i lJ..iJ..J...i 

^s.^i-l.^^!uME^ 14....1.J i i..iJ. 1.4 j^^j i i j. 

Sj.Mlai£L,^.!5.1j(>f.BA,|o,6.J Id I i I..L144U 1 

^4^|.^;wi.fiAAk\iJ^tiJ4ri 1 1 L.i L-1.-L.X LIJ 

.slxAtsli)ifsi[oL....ij\jAvi&l S.^'^i^i i.4...i-..,i 

^M$dL\-.lA I 

!T;-l.t,iai.4 i-J.-.^^.!-^J i i 

iTKdai. hiXkjaomBxig 

rr,,^ ip^- i i..TijE»,.|s4 p.E. R^A^.'iL..i«i|.p^.t,5 .„ . I .. ... i i I 1 ^ I J. 

lriRMi..^.tiiiG^iR.ikMisi)(^^i-.i^,-4 j 4j I.J..J I .t..Li...i.J...4 

■IlXii bi,iiRA4s lsix6M -Lxk4Ms.l^frjq).Ri Ld. a 

lI.^Ii...Jr|JlEi.EvisiojwJ...^Jrs|it^£E4-£^ Li 

JjMJ''i.ULlR^ki..lii4ti:....Mv£i!^^ \..J L.| 

,UlJi...^,|r:iyMLJiU,fk4TjojMi -.J !^ -4 

yiri..}lckJ.H<^lJ.-J L,.L^ L^.i j I I 

UkC..^--t:lMP\.fjj}.uM.^l Ikcl^otiAeB I j i , I I 

y..C.-i fcLvbicja.L4oiu.J.,,.4 L-i : ; i M 

r.i.yioiijA)&4. 1- coki 
yi.,} tjMh^M%iltLt;M.M^^^ 

]VM..r-.lAaD.E.Q....i.,..^ I.Xj...a4 1 ! 

r-ivEf^d Uoi^/l...feME6lU£WO[ 

fr:l.A/iati.UM^..i-..4 L.J } L...l,,.1 ...i 

CXM(mt.(^}m..M^t9i...ij \...J i.lj 1 J 

q.,.UArMNAi....tiiB4-.^LJ l.i.J iJ....i.-i L±±^^ 

r^/QX-.J.''|A/-p.^M^4-.d-P.Eaf^-i^ irgAMSMrixj^, i... 

|SA/ i..iAiJ,^pL„'t',„,.; \ \,. 4™,. „ J ; J ! I 4 ; i — i — ,1 — I j, | 

M4M.lvvl.^.i-.L^.vi?7\b:fcteuiRj^m L \ L-i i L.-..L^^. 

^jV.j rr:iNAio,.fe!iliy.^....Uia.i4AlS£^4 LiJ L-J-.J-.4 

iX.,r.Lf^£Aqx^isJC£.....;..„ j 1^. !. I I iJ IJ.l...^. 



...y 1. 

i I 

■1—4- 



I I 



t-'-r 



,.j j.. 



■i f 

i i 



..J,.,.....i..,..i... 




+ 1- 



QUT 



mm. 

\U ... \ f 



Dl Must , tEl, S,pdt^^^?^9.\ iM^ m 




Out 




■ idoj^p^L. 

m . i .z J : I I 




- Dl- D4,.Ct AWD CtlMvSX BE.; R.AT£Dh FOR AT; 

Lfc^ST: TW- l.C£:. XH£... .Als).Pk"E vo:crA<»£u i.,. . ..L^. .: t 

SU>J: I L 1...: L I i l:. ; i.^i L : 



Vim ~ Vl6i> 



.; ..i., . Xled; ,,J.., ; i I i-A l-, 

Vim- \kj?vjt .,yoiJxA.<it; I j L 

,yLiE-o..^.L£D,:.v6LirA<se DR.OP i i 



3C?S OMKS COK, TO use. C^OSC^T 
: ^IVNDAR.D VALUE)' 



LDGICGATE LED DRIVERS 



Out 






OFF 



ngte; CMOS VAjta 
Super &b.\6ht L£ds 

IF Ices IS k-£PT 

secow ft Few . 

MlLUAMPeRtS. 



Rs i 




OUT 


LED 


CO 
Hi 


OFF 
ON* 



THIS C\RCUIT WICC. 
DP-\V£ LED WWeiO 
SUPPLY VOLTA^e TO 
L06tC GAre, A/s)0 Ql- 
LED A(l£ OlFF£R.eNT.., 
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I j.,Rl 



0< TO USE 

An)v op amp. 
iw this basic 
Circuit. Pim 

KJUMgERS MAY 
VAgV. (see i 
DAT^ SW£ETi) 



i: 




£XAMfl£ :.U.I=. i.Rl.'i "^,700^ aWMS: .AKiDLR^? H7.aQq 
OHMS, TK£K5 SAlM IS - (^7,00P/^,7PQ) OR. "IG. 



K10N-(Ny.EetmG AMPLIFIER 



OK TO USE 

AWV OP AM.P... ! 
Cs&e. AE0VE.5 ^ 

More: Some.; i 

OP A UPS B.eaul R£ ; 
COMPeWSATtOiOJ i 
CAPACITOR, 



+v 

.7HX^^, - 






-r- V ; H 

!\_^/: 




... ; '.v . 

i %Z:..l.\.... 

AAAi ^ 


OUT 



£XAUPt£ •» IF £1=^,100 OHMS. AisJ.D:.R^.=.'y.l>DbO.. 
OHKS, THE-W GAl/^.lS 1.14 tH7.y.00dy!.^.v7.Q.O) 0^ 

11. .; :^.sJ. L.:^^^J L.^-i.....; L^...U..a.^. 

3s :.. ; ■ i^..^^.- I I ■-^...J 




3 tO± 



Voutl 



itout - Vim / R2 



Example : Assume Rt is a resistor amd LgnlwiTk..^ 

Co;:MBlKl££> RES\£TAK)C£ OP i.Ooa OHMS AwD jlZi^JSl ^ 

HlO OHM.S. WH£M_ Uiw=SVOCTS, C uRR£njT.IxWtX 
^ROUSH LED IS lo.tfl MA. . ^.j \ j... 

tU RREMT^-O- V 0 LTAG E COMVERtEti: 




GAlM = Vout/Iiw 
6AIW - -Rl 



Example; assume, .a solar ciu toNi^tdTED, to Iim 

b£L\U£RS A CwRREmT of X HA. iiFf Rl 15 l,OoO 

- - ' ' " n [::i.;.:Sci" 




.pRoMl-"fes^*s4..ioi tD^f..;...-,.| I , I : \..^\ 




yOMJ...UQiAlJ.Xp..J.H\6jM..,J i . ; 



L J VREf C H) 




tOOT£ ; OK TO USt 
741, S3S OR OTH£R 
.OP AtAPS. 



iMT^.i+i^sv. ; I RasEt ..;.L.,t^,lk.iH; ] 

^ FOR TlKe.t<^ ^^kDl , i 



a hJ,.Bux.;,..:., 



7 



J.SS.S. 



TRIGGER liiL 



3: 5 



i 



P.UX5E. OUT 



+5 To +1SV 




i : .i L.,l ..l,iRi+lR2)^Ci 

Ml 



. km GATE 



A 




OUT 



NAMb GATE 



^ OUT 



OR 



A 




OUT 



\ I \ \ 




©.UT. 



EXtlUSlVE OR 




4....4)-uT. 



A 6 


Out : 


L L. 




L B. 






lUi.J. 


W R 




A B 


OuT 1 


L L. 


iHi: ; 


UK 


iKi.. ■ 




.^.lW.; ; 


W w. 


, ;L.i 


A B 


OOT 1 







\L.B.. 


:Ri i 




.M..L.J 


■MB. 


..iHi : 


A 6 


OUT ^ 


it-ji,. 




iLH. 


iL: : 




...iLl ; 




L 


lAiB 


out i 




u 


IkiH 

























J 




iU I 




.... iH.U,4 



k 




CO ?A 



QM.X 



XLl iC, 

iB3 



do T 



C= CONTROL 




OUT 



Xi *^ OONTJ.CARE 















iLl, 






(LH) 







pi- STATE BUis::L,rL:;:L:: 




lisJ_ 








G^l..,<buir.Fiui:.^. 

: TO Bus ^ 


■^ 






jusA-tALlv-i lA^vd 


■L 




R 


: i.lM I.. 


lA.,^?-.ST,kl; £: 1 


:h 


L 


K 


...i : IB; 1 L 1 


ms.i- ^- i-^ 







;l 


L. L i.ci. . L.l.,.4„ 













H3. 






















. MO. !ckm4g£ 



0 ■ - NOT a 



CLOCKED RS FLIP-FLOP 



CLOCK 




/\^T;£R CLOCK 

Pulse arp-wes*. 









wo <:H^NG£,: 


L. H 


,.:lJ ;aL ; 






KM. 





:XK : FLI?- FLOP 



CLOCK 




Af TER CIQCK;. 



J K 


la a i 




NO CHAM6.i 






HI 









SEE PAClh>>4 
PAG£. 



0 (Di\TA OR DELAY) FtfP-FLOP 











..it ^ 











.DATA 




m.ilDG£.itp:^F :l; 





,J...Q... 


— > 










0 





OUTi 



WH£m both the T AMD J 1 M PutS I A^k iKfetti 

AMD IMPUT PULSes AR£ APlPUEb. ixb rTHS 
CLOCK IMPUT. OTRER T RiP-FLdPS. V 4 .J 




X).a.fitiPraLO.R 




^M^LS^ I 



+ 




BZ 



TOTAL VOCTA<S£ IS 
^OW oP EACH 



TOTAL CUR.R£MT 
CAPACITY IS SUM OF 
.:E.A.CH ceCL cAPftClT>. 

kaukL CAPACITY,. 



bpE^A.TiOM AC 



P-&CHAP.<3£D MAN^ TiKES- PRlMClpLE TVP£S: 

l£AD-AC\D —2.0 VOLTS PER. CtLL. H\6H 
CURR.EMT CAPACITY. GOOD AT LOW T£mP£|2.ATURE. 

N\CKtL- CACjMVUM Cw'CAD)~'i.2 VOCTS PER CECl. 
CAM BE ST09.ED FOR. E.XTEMDED TIME WHEN 
DlSCKARiSED. MAwV DlPFEREMTJ KIWDS AVAILABLE. 

VBP-Y ^CD^omchL POWER soy.ficE. 

Hl^ \ ..U 



CM\£F AMONi^ TH£ MAWV TVP£S AV/^iLABLe: 

CAR66rO-ZlN)C-— 1,S VOLTS P£(2. c£LC, p.£ADlLY 
AVAILABLE. AMD LOW COST- 

.ZiMC-„;CRLO^l,DE:,-^,l,S VOLTS P£R CELL. TWIC£ 
TH£ £kJE{^6V D£Msit> OF CARBoM-2fMC. 

ALKALifOa — l.S ^OLTS PER C£Lt. USE FOR 
tAlGU CUR.RE.rOT LOADS CMOroRS , LAMPS, E.TC,). 

MERCuRV— l.'^S AMO l.M VOLTS PER CELL. 
UM\Fop.M VOLTAiSE DuR\MG DISCIAARG£. 

SILVER OXIDE— l.S VOLTS PGR CELL, SJEftRLV 
UMIPoRM VOLTASe DURIMG 0\SCHARcS£.. 

LITHVUNV MAM^AMESS. — 3,0 \JOLTS PER CELL, 
excEPTlOMALLV LOMS ST0RA<S£ LIFE, vERV 
H\GH £M£R<iV DENSITY. 



BMTERY PRECAUTIONS 

i. DO WOT CHARGE PRIMARY CELLS. 



2. BATTERIES MAY EXPLODE WHEM HEATED, 

3- DO MOT SOLDER LEADS TO A gATTERY. USE 
A BATTERY CLIP OR AOLDER. 

H. MEVER SHORT CIRCUIT A SATTERY'S TERMIMALS. 

5. MOST BATTERIES SHouLD EE REMOVED PROK 

EQUlPMEMT (M STORA<S£. ExCEPtIOMS ARE 
: STORAGE .BATTER\£S AkJD LITHIUM CELLS. 

^.WWEN) SAtTERY LEADS^, £X C££D L>; .l/^JCHES a 

commect o.tyMF CAPActTOR; Across Leads. ' 
AT circuit Board. 




iPQfflERED SUPPLY 



43- 



Fi: Fuse 
(select 

TO MATCH 
CUP-^^e.NT 
\^AT\NJG 
OP Ti.) 

PRIMARY 
120 VAC ~^ 



CAUTVOM • ALL COMn3£c:T!OMS*. 
THAT CAft.RXj.XiWS.. CURRtftJT 
MvJ$T 35. lM5uLPa'£0 OR:. .1 

EM C LO S£d! til SCONJ £ ex. J ^ 

POWER \WHew SeRViCiMGll i 



SI 



< — Bt.ACK 



$£COMDARV — 
6-3 TO 2S VAQ 



1 TO M ftMP 

R£.CT» R£K 
Rf\T&D .FOR 
AT L&AST 
^< SECOMQftRY 
VOLTAGE; Of Tl, 



(Ft^OWT) 





SPST PO\w£R SWITCH 

TRAMSF0RM6R 
(CuaR&WT RATlh)(S 

. MOST eKceeo 

MAXIMUM OUTPUT.) 



COLONS MAY I I 
VARY. SOME. , 
TRAWS FORMERS 

LUGS l^siST£AP . i 
OF WtR£ i8AD5.;. 

VDC 



7aos - sv 

ATTACH 
HEAT SIMK 
TO MtTAC 
TAB IF M£C£SSAP.V. 



_|_C5 - ; VogT 



RESISTOR 



COLOR CODE 






1 

Y 


1 

Y 


\ 
\ 




o 


0 


1 




1 


1 


« 10 


RED 


2. 


2 


1^ 100 


0RW^6E 


5 




^ 1,000 


YELLOvW 






i< 10,000 


GREEK) 


5 


5 


100,000 


BLUE 


& 




* 1,000,000 


VIOLET 


7 




)t 10,000,000 




S 


s 


100,000,000 




9 


q 



F^OURTH BAND IWD\CATES TDtERAMCfi (Aau'RAT/): 



OH^A'S LAW; V-XR R=V/X 

X= V/R P= VI =I*R 

/\BBREVUT10NS 

A= AMPEtiE R ' RES\STAMce 

F = FftdAP V (Oft £) « VOi-T 

I = coRP-Emt nw= watt 
P ' PoyJER SL - OWhK 

K (MES-) - 1,000,000 

< Ci^tUO-") = t 1,000 

M C MILH-") " , ooi 

C K^CRO-) ~ . ooo ool 

A ( MAMO-) =■ . ooo ooo OOI 

p CP'co-) ■ . ooo ooo ooo ooi 



! 

I 
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